We have previously developed a system for Agrobacterium-mediated transformation of the Oriental hybrid lily, Lilium 'Acapulco' (Hoshi et al., 2004). Since no transformed plants of L. longiflorum could be obtained with this system, we made some modifications in this system. Following a scratching-treatment of filament-derived calluses of L. longiflorum 'Georgia' with sandpaper, they were co-cultivated with A. tumefaciens strain EHA101/pIG121Hm, which harbored the binary vector carrying the neomycin phosphotransferase II (nptII), hygromycin phosphotransferase (hpt), and intron-containing β β β β-glucuronidase (gus-intron) genes in the T-DNA region. By increasing the concentration of gellan gum in co-cultivation medium from 3 to 10 g L -1 , about 3-fold increase was obtained in the number of blue spots resulting from transient expression of the gus gene. The concentration of hygromycin for selecting putative transformants was decreased from 50 to 35 mg L -1 . By using an improved system, 5 hygromycin-resistant (Hyg r ) culture lines have so far been obtained from 280 co-cultivated calluses of 'Georgia'. Plantlets were regenerated from all of these Hyg r lines, and they were confirmed to be transgenic by inverse PCR analysis and GUS histochemical assay.
INTRODUCTION
We have previously developed a system for Agrobacterium-mediated transformation of the Oriental hybrid lily, Lilium 'Acapulco' (Hoshi et al., 2004) . This system consists of a scratching-treatment of filament-derived calluses with sandpaper prior to inoculation, co-cultivation of the calluses with A. tumefaciens for seven days on an NH 4 NO 3 -free medium, selection of putative transformed calluses and shoots on a medium containing 0.1 mg L -1 picloram, 0.01 mg L -1 BA and 50 mg L -1 hygromycin, and root induction on a plant growth regulator-free medium containing 50 mg L -1 hygromycin. Although we attempted to apply this system for the genetic transformation of L. longiflorum, no transformed plants could be obtained. Therefore, in the present study, we tried to improve upon this system for the production of transformed plants of L. longiflorum.
MATERIALS AND METHODS

Plant Materials and Agrobacterium Strain
Filament-derived calluses of two L. longiflorum cultivars, 'Georgia' and 'Hinomoto', two Oriental hybrid lily cultivars, 'Acapulco' and 'Sorbonne', and one L. x formolongi cultivar, 'White Aga', were induced according to Hoshi et al. (2004) . These were 10-15 mm in diameter, light yellow and nodular. The calluses were monthly subcultured onto MS (Murashige and Skoog, 1962) medium containing 2 mg L -1 picloram (PIC; 4-amino-3,5,6-trichloropicolinic acid), 30 g L -1 sucrose and 3 g L -1 gellan gum at 25°C in the dark.
A. tumefaciens strain EHA101/pIG121Hm was used in the present study. The T-DNA region of the binary vector pIG121Hm contains the neomycin phosphotransferase II (nptII) gene under the control of the nopaline synthase (nos) promoter, the hygromycin phosphotransferase (hpt) gene under the control of the cauliflower mosaic virus (CaMV) 35S promoter and the β-glucuronidase gene with an intron (gus-intron) under the control of the CaMV 35S promoter (Ohta et al., 1990) . This bacterial strain was inoculated into liquid YEB medium (Lichtenstein and Draper, 1985) containing 20 mg L -1 acetosyringone (AS; 3,5-dimethoxy-4-hydroxy-acetophenone), 100 mg L -1 kanamycin (kanamycin monosulfate) and 50 mg L -1 hygromycin (hygromycin B), and incubated for 24 h at 28°C with reciprocal shaking at 200 rpm.
Scratching-treatment of Calluses, Inoculation and Co-cultivation
Scratching-treatment of calluses prior to inoculation with Agrobacterium was performed according to Hoshi et al. (2004) . Filament-derived calluses were transferred into sandpaper-attached centrifuge tubes containing inoculation medium, which consisted of a modified MS medium without NH 4 NO 3 , 2 mg L -1 PIC, 20 mg L -1 AS, 700 mg L -1 L-asparagine monohydrate, 700 mg L -1 L-glutamine and 30 g L -1 sucrose. The calluses were scratched by stirring the tubes at 2,900 rpm for 5 s with a test tube mixer.
Cultured Agrobacterium cells were collected by centrifugation at 3,000 g for 20 min and suspended to a final OD 600 of 0.3 in the inoculation medium. The scratched calluses were immersed into the bacterial suspension for 5 min. They were then co-cultivated with Agrobacterium at 25°C in the dark for 7 days on co-cultivation media, which consisted of a modified MS medium without
AS, 30 g L -1 sucrose, and 3 or 10 g L -1 gellan gum.
Selection and Regeneration of Transformed Plants
Effect of the hygromycin concentration on the growth of calluses of 'Georgia' and 'Acapulco' was initially examined. Callus pieces of about 10 mm in diameter were cultured on MS media containing 0.1 mg and either 0, 10, 15, 20, 25, 30, 35, 40 or 50 mg L -1 hygromycin. They were subcultured every four weeks at 25°C in the dark.
Following co-cultivation, the calluses were transferred onto MS medium, 0.1 mg
sucrose and 3 g L -1 gellan gum. They were subcultured every three weeks onto the same medium at 25°C in the dark. After 3-5 months, regenerated shoots were excised from the calluses and transferred to MS medium supplemented with 20 mg L -1 meropenem trihydrate, 35 mg L -1 hygromycin, 30 g L -1 sucrose and 3 g L -1 gellan gum in order to induce rooting.
GUS Histochemical Assay and Inverse PCR Analysis
Histochemical localization of gus gene expression was investigated in co-cultivated calluses, and leaf and root segments of the control and putatively transformed plantlets according to Hoshi et al. (2004) . Inverse PCR analysis, which amplifies the fragments of the junction of inserted DNA and plant genomic DNA, was also performed according to Hoshi et al. (2004) . The distance between the right border of insert DNA and the EcoRI site of plant DNA depends on the position where the transgene was inserted into the plant genome. Therefore, the number of the bands displayed by this inverse PCR analysis reflects the copy number of the transgene in the plant genome.
RESULTS AND DISCUSSION
Effect of the Concentration of Gellan Gum in Co-cultivation Medium on Transient Expression of the gus Gene
In our previous study on the transformation of 'Acapulco', calluses were co-cultivated with Agrobacterium on a medium solidified with 3 g L -1 gellan gum (Hoshi et al., 2004) . In the present study, effect of the gellan gum concentration (3 or 10 g L -1 ) in co-cultivation medium on the number of blue spots resulting from transient expression of the gus gene was examined in five Lilium cultivars, 'Georgia', 'Hinomoto', 'Acapulco', 'Sorbonne', and 'White Aga' (Table 1) . On a co-cultivation medium solidified with 10 g L -1 gellan gum, 2-3.5 times as many blue spots as on a co-cultivation medium solidified with 3 g L -1 gellan gum were obtained in all cultivars examined. In 'Georgia', about 3-fold increase in the number of blue spots was obtained by increasing the gellan gum concentration from 3 to 10 g L -1 (Table 1, Fig. 1A ). Although the mechanism of the improvement of the transient transformation efficiency by increasing the gellan gum concentration is not identified at present, a co-cultivation medium solidified with 10 g L -1
gellan gum was used in the following experiments on the production of transformed plants of 'Georgia'.
Effect of the Hygromycin Concentration on the Growth of Calluses of 'Georgia' and 'Acapulco'
As shown in Table 2 , 15 mg L -1 or more of hygromycin was sufficient to inhibit the growth of non-co-cultivated calluses of 'Georgia', whereas the hygromycin concentration that completely inhibited the growth of non-co-cultivated calluses of 'Acapulco' was 20 mg L -1 or more. This result indicates that 'Georgia' calluses were more sensitive to hygromycin than 'Acapulco' ones. In our previous study, transformed calluses of 'Acapulco' were successfully selected on a medium containing 50 mg L -1 hygromycin (Hoshi et al., 2004) . Taking the difference in the sensitivity to hygromycin between 'Georgia' and 'Acapulco' calluses into consideration, hygromycin concentration of 35 mg L -1 was used for selecting putative transformants of 'Georgia' in the following experiments.
Selection and Regeneration of Transformed Plants of 'Georgia'
Following co-cultivation on a medium solidified with 10 g L -1 gellan gum, 'Georgia' calluses were cultured for selecting putative transformants on a medium supplemented with 35 mg L -1 hygromycin. Hygromycin-resistant (Hyg r ) calluses developed about two months after the initiation of selection, and shoots were regenerated from these calluses 1-3 months later. By using an improved transformation system, five Hyg r culture lines have so far been obtained from 280 co-cultivated calluses. Following transfer to a plant growth regulator free medium containing 35 mg L -1 hygromycin, the shoots regenerated from all the five Hyg r lines rooted and developed into plantlets with a bulblet (Fig. 1B) . No apparent phenotypic alterations were observed at least at early stages of their growth.
GUS Histochemical Assay and Inverse PCR Analysis
Plantlets derived from all the five Hyg r culture lines of 'Georgia' were subjected to GUS histochemical assay and inverse PCR analysis. All the plantlet lines showed gus gene expression in both leaves and roots (Fig. 1C, D) . No endogenous GUS activity was detected in the control, non-transformed plantlets (Fig. 1C, D) . Inverse PCR analysis suggested that three plantlet lines had a single copy of the transgene, and two lines had two copies of the transgene (Fig. 2) . Both GUS histochemical assay and inverse PCR analysis confirmed that all the plantlets regenerated from Hyg r culture lines were transformants.
CONCLUSION
We have succeeded in the production of transformed plantlets of L. longiflorum 'Georgia' by modifying the transformation system initially developed for the Oriental hybrid lily, Lilium 'Acapulco' (Hoshi et al., 2004) . The concentration of gellan gum in co-cultivation medium was increased from 3 to 10 g L -1 , and the concentration of hygromycin for selecting putative transformants was decreased from 50 to 35 mg L -1 . Although all the transformed plantlets obtained in the present study exhibited a normal phenotype at least at early stages of their growth, a detailed characterization of them as well as an examination of transgene stability in their progeny and vegetativelypropagated materials are needed. 
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